The tulobuterol patch contains a β 2 -adrenergic agonist, is the first transdermal bronchodilator, and was developed in Japan. It relies on a matrix-type transdermal delivery system that contains both crystallized and molecular forms of tulobuterol. This delivery system enables the drug content to be released steadily over 24 hours. When the tulobuterol patch is applied to the skin at bedtime, the serum concentration of tulobuterol peaks in the early morning, suppressing the morning dip in pulmonary function. This pharmacological property also prevents steep increases in plasma drug levels, which reduces the risk of adverse events. Because the tulobuterol patch is easy to use and requires only once-daily application, treatment adherence in patients using the patch is superior to that of other therapies. The clinical efficacy of the patch in patients with asthma and chronic obstructive pulmonary disease at any age has been established in many clinical studies since launch in 1998, and the product has a good safety profile. Therefore, the tulobuterol patch is currently used for the long-term treatment of patients with asthma and chronic obstructive pulmonary disease. Here we review the characteristics of the tulobuterol patch and the results of clinical trials that have investigated the effects of the patch on pulmonary function, quality of life, and adherence. We also discuss the usefulness of the tulobuterol patch in clinical practice.
Introduction
The tulobuterol patch was developed in Japan, and is the first bronchodilator available as an adhesive transdermal patch containing a β 2 -adrenergic agonist. The patch was designed for use as chronotherapy for nocturnal asthma when applied at bedtime, 1, 2 and is currently used in the long-term management of asthma and chronic obstructive pulmonary disease (COPD) in Japan, Korea, and People's Republic of China. The patch is applied to the skin once daily, continuously releases its active ingredient, and maintains effective serum tulobuterol concentrations for 24 hours. Therefore, the tulobuterol patch provides long-acting β-agonist activity, despite tulobuterol being categorized pharmacokinetically as a short-acting β 2 -agonist. Because the tulobuterol patch requires only once-daily application, treatment adherence is excellent. Further, its clinical efficacy and safety in the treatment of chronic airways disease have been established since its launch in 1998. In this review, we describe the characteristics of the tulobuterol patch and provide evidence of its long-term efficacy in asthma and COPD. We also discuss the safety and patient acceptability of the patch.
Tulobuterol patch formulation
Nocturnal worsening of asthma, referred to more simply as "nocturnal asthma", is a common and important problem for asthmatic patients. A survey of 7729 patients with varying severity of asthma showed that 74% of them awoke at night at least once a week, and 64% awoke at least three times a week because of asthma symptoms. 3 Nocturnal asthma is defined as variable exacerbation of the underlying asthma condition, which is associated with increased symptoms of airway hyper-responsiveness and/or worsening of lung function, and a need for medication. 4 These changes are associated with circadian variations in lung function. Lung function measured by peak expiratory flow or forced expiratory volume in one second (FEV 1 ) in a healthy individual varies according to the circadian rhythm, with maximal lung function occurring at about 4 pm and minimal lung function occurring near 4 am. 5, 6 Compared with the normal range of variation (5%-8%) of lung function in healthy subjects, nocturnal asthma exaggerates the changes in pulmonary function by more than 15%. This decrease in lung function in the early morning as a result of nocturnal asthma is known as the "morning dip". Chronotherapy based on the circadian rhythm is needed in asthmatics to prevent this morning dip and to improve quality of life. The tulobuterol patch was initially developed to prevent the morning dip and to sustain drug efficacy over 24 hours (Figure 1 ). To accomplish this, a matrixtype transdermal delivery system was used for formulation of the tulobuterol patch. The branded patch (Hokunalin ® Tape, Abbott Japan Co, Ltd, Tokyo, and Maruho Co, Ltd, Osaka, Japan) contains both crystallized and molecular forms of tulobuterol in an adhesive layer. It also includes a controlled drug release mechanism known as the crystal reservoir system (Figure 2 ). After the tulobuterol patch is applied to the skin, the molecular tulobuterol is gradually absorbed percutaneously. As the number of tulobuterol molecules in the patch decreases, additional molecules are supplied by dissociation of the tulobuterol crystals into a molecular and absorbable form. This mechanism enables timed release of tulobuterol, which means that the drug concentration can peak when the symptoms of asthma are at their worst. Because currently available oral β 2 -agonists, such as tulobuterol, salbutamol, terbutaline, and bambuterol, reach peak levels in serum within 3 hours of administration, patients with asthma who take these medications before bedtime cannot achieve maximum bronchodilation when most needed during the morning dip. In addition, oral β 2 -agonists often have clinically significant systemic adverse effects, such as tremor and palpitations, due to steep increases in plasma drug levels. 7, 8 The tulobuterol patch provides gradual and continuous drug release, so reduces the risk of systemic adverse effects caused by high plasma drug concentrations.
Pharmacokinetics
Uematsu et al studied the pharmacokinetics of tulobuterol given transdermally or by aerosol inhalation in healthy male volunteers. 9 When the 2 mg tulobuterol patch was administered to healthy adults, it was found to be well absorbed, with an absorption lag-time of about four hours. Serum tulobuterol concentrations peaked at 9-12 hours and decreased gradually over the 24 hours following application of the patch. The maximum serum tulobuterol level was 1.4 ng/mL, which is higher than the target effective serum concentration of 1.0 ng/mL. Although tulobuterol was more rapidly absorbed after inhalation, the serum tulobuterol level was maintained in an effective range for a longer period after application of the patch. A mean absorption rate of 90% was achieved during the 24 hours following application. Mean urinary recovery of unchanged drug after application was 6%. According to the literature, the tulobuterol patch is suitable for preventing the morning dip because peak serum drug levels are achieved during the early morning. Similar pharmacokinetics were observed when the tulobuterol patch was used in children with moderate to severe asthma. 10 When subjects weighing , 30 kg received a 1 mg tulobuterol patch and those weighing $ 30 kg received the 2 mg tulobuterol patch, the serum concentration of tulobuterol peaked 12 hours after application and remained at appropriate levels for 24 hours after application. The peak plasma tulobuterol level was 1.33 ng/mL and the time taken to reach this level was 14 hours. Peak expiratory flow was significantly improved after application of the tulobuterol patch and no side effects were reported. Therefore, the tulobuterol patch is also suitable for use in children with asthma.
Dosage and administration
In general, 2 mg patches are recommended for adults and children aged 9 years and older; the 0.5 mg patches for children aged 6 months to 2 years; and the 1 mg patches for children aged 3-8 years. The patches are applied to the skin on the chest, back, or upper arm once a day. Although the timing of application for the tulobuterol patch is not clearly described and may depend on disease status, it will be most effective for treatment of asthma if applied in the evening or at bedtime.
Clinical efficacy
Medications for asthma consist of two types, ie, controllers and relievers. Controllers are medications taken daily on a long-term basis to maintain improvement in asthma symptoms and lung function. Anti-inflammatory drugs, such as inhaled corticosteroids (ICS) and long-acting bronchodilators, are included to this category. ICS are the most effective controllers and are the first-choice anti-inflammatory therapy for asthma. Long-acting β 2 -agonists (LABAs), including salmeterol and formoterol, are also categorized as controller medications. In the Japanese guideline for prevention and management of asthma, the tulobuterol patch is also categorized as a controller medication. Use of LABAs as monotherapy is not recommended because these medications have no effects on airways inflammation in asthma and could mask underlying inflammation. Therefore, LABAs should be used only in combination with ICS for the management of asthma.
Tamura et al did a multicenter, randomized, double-blind, parallel-group study to investigate the efficacy and safety of the tulobuterol patch in patients with persistent asthma who were already using ICS. 11 In this study, 239 adult patients with asthma who were on treatment with ICS were randomly assigned to receive the 1 mg tulobuterol patch daily (n = 116) or the 2 mg tulobuterol patch daily (n = 123). During the four-week treatment period, mean peak morning expiratory flow rates in both groups were significantly increased from baseline. This increase was significantly greater in the higher-dose group than in the lower-dose group. In both groups, the frequency of use of short-acting β 2 -agonists as rescue medication was significantly decreased from baseline, with no statistically significant difference between the two groups for use of short-acting β 2 -agonists as rescue medication or in terms of safety. These data suggest that the tulobuterol patch exerts dose-related add-on effects in asthmatic patients receiving ICS. Although ICS are widely used as first-line controllers in the long-term management of asthma, ICS alone are insufficient when treating patients with moderate to severe asthma. Such patients frequently experience the morning dip. In the Global Initiative for Asthma, a global guideline for the treatment of asthma, LABAs are positioned as the first add-on controllers for ICS because they can significantly improve airflow obstruction and symptoms. 12 Sustainedrelease theophylline, designed to be released slowly over an extended period of time and leukotriene receptor antagonists are also considered to be beneficial add-on drugs which have anti-inflammatory activity as well as bronchodilating effects. [13] [14] [15] [16] It has been reported that low-dose sustainedrelease theophylline may be useful as a steroid-sparing agent in combination with low-dose ICS for the treatment of patients with asthma. 17, 18 Leukotriene receptor antagonists reduce the dose of ICS required by patients with moderate to severe asthma and improve asthma control in patients who are not well controlled with ICS monotherapy. 19, 20 Hozawa et al investigated the add-on effects of a tulobuterol patch on peak morning expiratory flow, bronchial hyperresponsiveness, and eosinophilic airways inflammation. 21 Twenty-four patients with asthma already receiving ICS alone were randomized to receive either ICS ± a 2 mg/day tulobuterol patch for four weeks. Significant improvements in morning peak expiratory flow and bronchial hyperresponsiveness, as well as a reduction in airway eosinophil infiltration, were observed in the group receiving the add-on tulobuterol patch.
Further, the add-on effects of the tulobuterol patch, sustained-release theophylline, and leukotriene receptor antagonists in patients receiving ICS were compared to determine which of these drugs is the most suitable add-on therapy. Sixty-five asthmatic patients already treated with ICS alone were randomly divided into four treatment groups: ICS only; ICS + tulobuterol patch; ICS + sustained-release theophylline; or ICS + leukotriene receptor antagonist. FEV 1 and peak expiratory flow values increased markedly in the ICS + tulobuterol patch group compared with those in the other three groups after four weeks of treatment. These data suggest that the tulobuterol patch may be the most effective add-on controller for asthmatic patients already receiving ICS.
Horiguchi et al investigated the long-term efficacy of the tulobuterol patch in patients with asthma. 22 Twenty-four patients with persistent mild to moderate asthma treated with or without ICS used the tulobuterol patch for one year. Peak morning expiratory flow was significantly increased in all patients after six months of treatment with the tulobuterol patch, and this beneficial effect was maintained throughout the study period. This suggests that the tulobuterol patch can be used for the long-term management of asthma.
The efficacy of the tulobuterol patch for the management of childhood asthma has also been investigated. When children with moderate to severe asthma were treated with the tulobuterol patch, peak expiratory flow values were significantly increased after 24 hours compared with values at baseline. 10 Katsunuma et al investigated whether the tulobuterol patch was effective in suppressing exacerbations of asthma symptoms caused by upper respiratory tract infections. 23 Eighty children aged six months to three years with persistent mild to moderate asthma who had received anti-inflammatory drugs when symptoms of upper respiratory tract infection occurred were treated with a tulobuterol or placebo patch. Respiratory symptoms in the group treated with the tulobuterol patch resolved more quickly after the onset of upper respiratory tract infection than in the placebo group. The total respiratory symptom score was also significantly lower in the tulobuterol patch group than in the placebo group. These data suggest that the tulobuterol patch can improve lung function and suppress symptoms of asthma related to upper respiratory tract infection in children. Because the tulobuterol patch is simple to use, it is a practical and effective method for treating infants and young children with asthma.
Tulobuterol patch versus inhaled salmeterol for management of asthma
Salmeterol is an inhaled LABA used widely as a treatment for asthma in combination with ICS. Fujimoto asthma using ICS, concomitant salmeterol, a concomitant tulobuterol patch, or a double dose of ICS. 24 In this study, only salmeterol added to ICS significantly improved the morning and evening peak expiratory flow and quality of life score. Kobayashi et al performed a crossover study to investigate whether switching from the tulobuterol patch to salmeterol had a beneficial effect on asthma control. 25 Sixty-four patients with persistent asthma receiving fluticasone propionate 200-800 µg daily were first treated with the tulobuterol patch for four weeks and then switched to inhaled salmeterol for the next four weeks. Salmeterol significantly improved the peak evening expiratory flow compared with the tulobuterol patch. Nishiyama et al also performed a crossover trial to compare the clinical efficacy of salmeterol with that of the tulobuterol patch in 54 patients with moderate to severe asthma despite receiving low-dose ICS. 26 The patients were divided into two groups, one to receive the tulobuterol patch and the other to receive inhaled salmeterol for four weeks. The patients were then switched to the alternative treatment for a further four weeks. Both medications significantly increased mean peak expiratory flow, although the effect of the tulobuterol patch on lung function was less than that of salmeterol. Scores on the St George's Respiratory Questionnaire (SGRQ), an instrument used to assess health-related quality of life, were significantly improved and comparable between the two drugs.
Although these studies indicate that inhaled salmeterol is more effective than the tulobuterol patch for improvement of lung function in asthmatic patients, tulobuterol patch is still widely used as an add-on drug for ICS in Japan due to its ease of use, and is a useful alternative to LABAs.
Tulobuterol patch versus salmeterol for management of COPD
A LABA is one of the recommended initial pharmacotherapies for the management of stable COPD in the Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines 27 and in the Japanese guidelines for COPD. The tulobuterol patch is listed under LABAs as a medication for COPD in both guidelines. In the randomized, multicenter, parallel-group, comparative BAREC study, Fukuchi et al compared the efficacy and safety of the tulobuterol patch versus inhaled salmeterol for 12 weeks in 92 patients with stable COPD (GOLD stage II and III). 28 Peak morning and evening expiratory flow rates were significantly improved in both groups throughout the treatment period, with no significant between-group differences. The total SGRQ score at eight weeks was significantly improved at all time points in the tulobuterol patch group but not in the salmeterol group (Figure 3) . Further, compliance with the study regimen was significantly better in the tulobuterol patch group than in the salmeterol group. No serious adverse events were observed in either treatment group. These results suggest that the clinical efficacy of the tulobuterol patch is equivalent or superior to that of salmeterol in the long-term management of patients with stable COPD.
Our research group compared the bronchodilatory efficacy of the tulobuterol patch with that of inhaled salmeterol in 11 patients with stable COPD (GOLD stage II and III). 29 Both the tulobuterol patch and salmeterol improved FEV 1 , forced vital capacity, and inspiratory capacity from baseline over 24 hours, and the potency of the bronchodilatory effect of salmeterol was about three times greater than that of the tulobuterol patch. Differences in the results for the two treatment groups in this study may have been due to the study design. It has been reported that a single exposure to the tulobuterol patch may have an insufficient bronchodilatory effect because it takes a couple of days to achieve an effective serum drug concentration. Further study is needed to clarify the bronchodilatory effect of the tulobuterol patch in patients with COPD.
Tulobuterol patch versus theophylline for management of COPD
Theophylline has long been used as a bronchodilator in the treatment of COPD. Because theophylline is less effective and less well tolerated than inhaled long-acting bronchodilators, it is recommended as a second-line treatment for COPD in both the GOLD and Japanese guidelines. Theophylline has a weak bronchodilatory effect in stable COPD, 30 but it has been noted recently that low-dose theophylline has an anti-inflammatory effect in COPD. 31 Both the transdermally administered tulobuterol patch and oral theophylline are considered to be second-line choices for patients with COPD who cannot use inhaled LABAs or long-acting antimuscarinic agents because of severe pulmonary dysfunction, dementia, or other reasons. A few studies have compared the efficacy of the tulobuterol patch with that of theophylline in COPD. Minami et al reported a randomized, controlled, crossover study comparing the clinical efficacy of the tulobuterol patch and theophylline in patients with stable COPD. 32 Sixteen patients with stable COPD (GOLD stage I to IV) were randomly allocated to a theophylline group or a tulobuterol patch group for four weeks, and were then switched to the alternative medication for the next four weeks. A significant improvement in symptoms from baseline, including sputum volume, cough frequency, and severity of wheezing, was found with the tulobuterol patch. The SGRQ score was also significantly improved on the tulobuterol patch. These results suggest that the tulobuterol patch is more effective than theophylline for stable COPD. Kanehara et al compared the anti-inflammatory activity and clinical efficacy of low-dose theophylline and the tulobuterol patch in patients with COPD. 33 In this crossover study, 26 patients with stable COPD (GOLD stage I and II) were randomized to receive theophylline or the tulobuterol patch, with 20 subjects completing the study. Theophylline significantly improved lung function and reduced the number of inflammatory cells in sputum at eight weeks, whereas no significant improvement in lung function was seen in the tulobuterol patch group, and it did not show any antiinflammatory effects. Although many reports have confirmed its bronchodilatory effect in COPD patients, it is unclear why the tulobuterol patch failed to improve the lung function data in this study, and it is possible that the tulobuterol patch may have less anti-inflammatory effect than low-dose theophylline in the airways of COPD patients.
Additive effect of tulobuterol patch in patients already receiving treatment for COPD
Combined use of two or more long-acting bronchodilators is recommended in the GOLD and Japanese guidelines for the management of stable COPD if symptoms are not improved with monotherapy. A combination of long-acting bronchodilators is preferable to increasing the dose of a single agent in terms of efficacy and adverse effects. β 2 -receptors and muscarinic receptors (M3) are both distributed in the central and peripheral airways. Given that vagal nerve fibers mainly innervate the central airways, tiotropium may improve function in the central airways. Further, because the tulobuterol patch distributes the drug more widely throughout the airways via the bronchial and/or pulmonary circulation, extensive bronchodilation of the peripheral airways would be expected with use of the tulobuterol patch as add-on therapy in patients with COPD already being treated with an anticholinergic agent. In this context, combination therapy using the tulobuterol patch and tiotropium could improve obstruction in the central and peripheral airways to a greater extent than anticholinergic monotherapy. Further, improvement of peripheral airways obstruction using the tulobuterol patch may reduce static pulmonary hyperinflation and dynamic hyperinflation during exercise, enabling improved quality of life for patients with COPD. In the multicenter, parallel-group, comparative BAREC II study, Ichinose et al investigated the efficacy and safety of the tulobuterol patch combined with inhaled tiotropium, a longacting anticholinergic agent, in patients with stable COPD. 34 After a two-week run-in period, 103 patients with stable COPD (GOLD stage II and III) were randomized to receive the tulobuterol patch ± inhaled tiotropium for eight weeks. Forced vital capacity and FEV 1 were significantly improved from baseline and to a similar extent in both groups. However, significant improvement in inspiratory capacity was observed only in the group receiving the tulobuterol patch + inhaled tiotropium. The percentage changes in both peak morning and evening expiratory flow rates significantly increased from one week after the start of treatment, with improvement in peak expiratory flow maintained throughout the study period. The increases in peak morning and evening expiratory flow rates were significantly greater in the tulobuterol patch + inhaled tiotropium group than in the tiotropium only group (Figure 4) . A significant improvement in SGRQ score was observed in the tulobuterol patch + inhaled tiotropium group (Figure 3) . No serious adverse events occurred in either treatment group.
Our group did a multicenter, randomized, parallel-group study to investigate the additive effect of tiotropium in COPD patients treated with the tulobuterol patch. 35 Sixty COPD patients receiving the tulobuterol patch were divided into a tiotropium-added group or a tulobuterol patch monotherapy group for four weeks after a two week run-in period. Changes in forced vital capacity and FEV 1 in the tulobuterol patch + tiotropium group than in the tulobuterol patch only group after four weeks of treatment. The percent change in peak expiratory flow was significantly higher in the tulobuterol patch + tiotropium group than in the tulobuterol patch only group after four weeks of treatment. Medical Research Council dyspnea scores were improved only in the tulobuterol patch + tiotropium group. These data suggest that tiotropium could have beneficial effects in patients with COPD receiving the tulobuterol patch.
Further, Abe et al evaluated the effect of inhaled tiotropium + the tulobuterol patch on peripheral airway resistance and reactivity in patients with COPD using impulse oscillation, a forced oscillation technique used to evaluate respiratory resistance and reactivity at various oscillatory frequencies. 36 Seventeen patients were randomized to receive inhaled tiotropium ± the tulobuterol patch for four weeks, and were then crossed over to the alternative medication for four weeks. Concomitant treatment with inhaled tiotropium and the tulobuterol patch significantly improved peripheral airways resistance and reactivity assessed by the impulse oscillation system compared with inhaled tiotropium monotherapy. A significant improvement in lung function, including forced vital capacity and FEV 1 measured by spirometry, was observed in both treatment groups, but the difference between the two groups did not reach statistical significance. This suggests that the tulobuterol patch can improve peripheral airway obstruction when used in combination with tiotropium.
Treatment adherence
β 2 -agonists can be administered by inhalation, via the oral route, or by transdermal patch for the treatment of asthma and COPD. Because inhaled β 2 -agonists are delivered directly into the airways, achieving higher local concentrations and minimizing the risk of systemic adverse events, 37 inhaled LABAs such as salmeterol are preferred to oral or transdermal β 2 -agonists for the long-term management of asthma and COPD. However, elderly and pediatric patients are sometimes unable to inhale these drugs due to insufficient inspiratory muscle force or procedural problems. Further, in the management of chronic disease, adherence with treatment is essential for optimizing the pharmacological efficacy of medication. Therefore, in patients with poor disease status despite use of inhaled drugs, it is necessary to check their inhalation technique and adherence. If they cannot master the devices even after repeated training or show poor adherence with inhaled drugs, alternative medications should be considered. Tamura and Ohta administered an Internet-based questionnaire to patients with asthma or COPD to evaluate their adherence with treatment and the convenience of transdermal and inhaled drug formulations. 38 Valid answers were obtained from 1470 subjects, including 876 adults with asthma, parents of 171 asthmatic children, and 423 subjects with COPD. The proportion of patients with asthma who took the drugs as indicated was 52.7% for inhaled agents and 83.2% for the tulobuterol patch; these proportions were 54.7% and 86.6%, respectively, for subjects with COPD. The reported rate of adherence was significantly greater for the tulobuterol patch than for any of the inhaled drugs. The most common reason for poor adherence was "frequency of administration". The percentage of tulobuterol patch users who selected "frequency of administration" as their reason for poor adherence was significantly less than that in the subjects who used inhalers. Among the tulobuterol patch users, 79.3% with asthma and 73.2% of those with COPD described the tulobuterol patch as "very easy" to use, while the corresponding percentages were 42.7% and 32.1%, respectively, for users of inhalers. As discussed earlier, the bronchodilatory effect of inhaled salmeterol and tiotropium was superior to that of the tulobuterol patch, but treatment adherence for the tulobuterol patch was among the best for the drugs used in clinical practice. Therefore, the tulobuterol patch can be considered to be very useful for the long-term control of both asthma and COPD.
Mochizuki et al compared adherence rates, effects on exercise tolerance, and quality of life between the tulobuterol patch and inhaled salmeterol in patients with COPD. 39 Forty-four patients with untreated COPD (GOLD stage II and III) were randomly allocated to receive either the tulobuterol patch or inhaled salmeterol for 12 weeks in a crossover manner. The overall adherence rate was 90.3% for Figure 4 Effect of tulobuterol patch used in combination with tiotropium on peak morning and evening expiratory flow rates. Notes: Percent changes in peak expiratory flow from baseline are indicated at weeks 4 and 8 after administration of tiotropium or tiotropium with the tulobuterol patch in patients with COPD. Data are expressed as the mean ± standard deviation. *P , 0.05, tiotropium versus tiotropium + tulobuterol patch. Abbreviations: PEF, peak expiratory flow; COPD, chronic obstructive pulmonary disease; Tio, tiotropium; Tulo, tulobuterol patch. the tulobuterol patch and 75.5% for salmeterol. The rate of adherence with salmeterol was significantly lower in patients aged $ 70 years compared with those aged , 70 years, whereas the rate of adherence with the tulobuterol patch was favorable across both age groups. Further, adherence with the tulobuterol patch was not affected by cognitive function. The six-minute walk distance was increased after treatment with the tulobuterol patch, and adherence with both medications was positively correlated with changes in the six-minute walk distance. These results show that adherence with the tulobuterol patch was better than with inhaled salmeterol, especially in elderly patients with COPD.
Oral β 2 -agonists are another treatment option for such patients. It has been reported that adherence with oral β 2 -agonists is better than for inhaled drugs in children with asthma. 40 However, when tulobuterol is administered orally, the serum concentration of the drug rapidly increases within the first three hours and the duration of effectiveness is shorter than that of inhaled or patch formulations of the drug. Further, systemic side effects are common. Therefore, oral β 2 -agonists are described in the Global Initiative for Asthma guideline as being used only on rare occasions when additional bronchodilation is needed. 12 On the other hand, the tulobuterol patch has the advantage of being easy to use, and the gradual release of tulobuterol provides a stable plasma drug concentration and a long duration of action, which ensures its safety and effectiveness. It is noted in the Japanese guideline for asthma prevention and management that the tulobuterol patch can be a first bronchodilator choice in combination with ICS, especially in infants with moderate to severe asthma. Therefore, the tulobuterol patch might be the best treatment option for pediatric patients with asthma and elderly patients with asthma or COPD.
Safety
A pharmacokinetic study 9 reported that tulobuterol released from the patch did not accumulate during repeated transdermal application in healthy adults. It was well tolerated, except for an increase in heart rate of 10-20 beats per minute after five consecutive applications of a 4 mg patch. Further Horiguchi et al reported no signs of tachyphylaxis after use of the tulobuterol patch for a year in adult patients with mild or moderate asthma. 22 No serious adverse events have been reported in patients with asthma or COPD receiving the 2 mg tulobuterol patch. 24, 26, 28, 34, 36 In these studies, mild adverse events, presumably associated with the patch, were reported as follows: itching, eruption, contact dermatitis, tremor, palpitation, numbness, increased serum creatinine phosphokinase, and abnormal hepatic function. These side effects resolved after stopping the patch. Skin problems related to the tulobuterol patch can be reduced by not applying the patch repeatedly to the same body site. No adverse events were reported in a study of childhood asthma. 10, 23 Another concern related to the use of the tulobuterol patch is that continuous and repeated exposure to β-adrenoceptor agonists leads to reduced relaxation of smooth muscle in the airways, referred to as desensitization to β-adrenoceptor agonists. However, Kume et al have reported that chronic exposure to low concentrations of tulobuterol does not lead to desensitization of β-adrenoceptors on smooth muscle cells in the airways. 41 Therefore, the tulobuterol patch is well tolerated and can be used for the long-term management of asthma and COPD in any age group.
Conclusion
The tulobuterol patch with its crystal reservoir system achieves continuous release of tulobuterol for 24 hours after the patch is applied to the skin. Further, serum tulobuterol levels increase gradually and then remain at steady levels. The clinical efficacy of the tulobuterol patch in patients with asthma and COPD has been confirmed by data from several clinical trials. The safety of the tulobuterol patch when used in otherwise healthy adults, children with asthma, and adult patients with asthma or COPD has also been established. It is notable that adherence with treatment is far better in patients using the tulobuterol patch than in those on inhaled drugs. These characteristics of the patch make it useful for long-term management of chronic respiratory disease. The tulobuterol patch might become a first choice in treatment, especially for children and elderly patients who are unable to inhale drugs reliably.
